Summary: Chorioallantoic membrane (CAM) is an extraembryonic membrane very frequently used for in vivo studies
INTRODUCTION
Selection in chicken breeding brought a rapid increase in fattening broilers and a high conversion of food, while on the other hand broilers are less resistant to adverse ambient and climate conditions. Good results in chicken breeding emanate not only from a good postnatal management, but also from a prenatal one. Apparently, it is very important to optimize the period of incubation which is an important phase of the overall growth (Hulet, 2007) . Incubation factors which affect the quality of chickens are temperature, air humidity, egg turning, certain gasses concentrations (Verhoelst et al., 2011a) , and according to the reports of several recent studies, specific types of lighting, as well (Kanaĉki et al., 2011) . A great number of factors regulating embryonic development may be used to optimize this period in a better way, for instance increased levels of CO 2 concentration in the early period of incubation are reported to improve the body mass of chickens, hatching time and the angiogenesis in chorioallantoic membrane (CAM) (Verhoelst et al., 2011b; De Smit et al. 2006 ). Since CAM is the organ responsible for gas exchange, differences in angiogenesis may have a major impact on the metabolism of the embryo and subsequently on the embryonic development and later production characteristics in the postnatal period. Consequently, angiogenesis in CAM may be used to monitor the development of chicken embryo due to optimization of certain incubation factors.
Chicken embryo CAM is formed between the 4 th and 5 th day of embryonic development (E4-E5), when the outer layer of the mesoderm of the allantois (visceral mesoderm) fuses with the mesoderm of the chorion (somatic mesoderm). A plexus of blood vessels is formed in this bilayer, which is connected to the embryonic circulation with two allantoic arteries and one allantoic vein (Ribatti, 2016) . The role of CAM is the gas exchange between the embryo and the atmosphere and thus CAM assumes the function of lungs during the embryonic development (Romanoff, 1960) . Allantois is a synthesized waste collector in the embryo, primarily of urea and later of uric acid (Ribatti, 2016) . Moreover, CAM has a role in sodium and chlorine transportation from allantoic sac where uric products are dissolved; it also has an essential role in osteosynthesis because it conducts calcium from the eggshell to the embryo (Tuan, 1987) .
Visibility, accessibility and fast development of CAM are all advantages which enable this structure to be used as a model for various investigations. CAM is widely used in angiogenesis studies, the studies on tumour growth and metastases investigations, as well as in pharmacological and toxicological investigations. Another advantage of this model is its low cost and the fact that this kind of experiment is ethically more acceptable than the experiments on adult forms.
Different methods have been developed so far to quantify CAM angiogenic response, either in ovo, by the use of a window in the eggshell, or ex ovo when the whole contents of the egg is placed in a petri dish (Nowak-Sliwinska et al., 2014) . Many of these methods are complex and require expensive equipment; in addition, it is difficult to analyse a great number of samples. Hence, a new precise and objective method, which is both easy and relatively fast, needs to be developed to quantify angiogenesis in the CAM. The objective of the present paper is to apply a new method of quantification of angiogenesis to investigate the development of blood vessels in the CAM, in particular days of embryonic life considered essential for CAM development.
MATERIAL AND METHODS
The present research was conducted on 75 fertilized eggs of heavy hybrid Ross 308 from a 54-week-old broiler breeder flock. The incubator with a capacity of 75 eggs was used. The incubation temperature was set at 37.9°C throughout the embryonic development, controlled with an electric thermostat "Termoregulator ET-01" manufactured by "Pro-Elektro", Novi Sad, Serbia. Relative air humidity was set at 50% to 60% until the 18 th day of embryonic development, and at 75% from the 19 th day of embryonic development until the end of incubation. The ventilation was adjusted according to the phase of embryonic development.
The sampling of eggs to obtain the CAM for the purpose of stereological analysis took place in critical phases of stereological analysis by random sampling. On the 12 th , 15 th and 19 th day of embryonic development, 10 eggs were taken per day. All randomly chosen eggs contained vital embryos with developed CAM which enclosed the whole embryo.
The eggshells of the eggs taken on the 12 th , 15 th and 19 th embryonic development day were removed for CAM preparation. It was carried out by careful manual removal of the eggshell so that blood vessels in the CAM would not be damaged. The vascular network in the CAM of the embryo was photographed using a digital camera "Panasonic Lumix DMC-LS80", Japan. The pictures were then processed using stereological principles in the software Scion Image 4.0, Scion Corporation, which was used to calculate the circulation index of each sample by the multipurpose test-system M42 (Burity et al., 2004) . The same part and the same CAM area were analysed while photographing to avoid mistakes due to different circulation in different CAM parts.
The circulation index was calculated using the following expression:
Ip -Circulation index P(ks) -Total number of pixels corresponding to CAM blood vessels P(cam) -Total number of pixels corresponding to CAM
In the paper, the circulation index is shown as an average value along with the provided variance. The statistical analysis was performed using a PC and the Microsoft Office 2013 set of applications. The variance analysis was carried out using the F-test, while the average CAM circulation index values on different days were compared using the Student's t-test.
RESULTS
By means of stereological processing of pictures and the calculations derived using the expression, the CAM circulation index values were obtained and they are provided in Table 1 . The circulation index is represented as an average value and it is expressed for the examined days of embryonic development. A-B Means within a column with no common superscript differ significantly (P < 0.01). a-b Means within a column with no common superscript differ significantly (P < 0.05).
The lowest circulation index value was detected on the 12 th day of embryonic development (E12), while the highest value was detected on the 19 th day of embryonic development (E19). Based on the derived results, it can be concluded that as the embryonic development progresses, the circulation index increases, i.e. the CAM vascular system is extended to a larger surface when compared to the entire CAM surface.
The statistical analysis determined that there was a statistically significant difference in circulation index values between E12 and E15, as well as between E15 and E19 at the level of significance P<0.05, while between E12 and E19 the statistically significant difference at the level of significance was P<0.01.
The images 1-3 show the appearance of the circulatory system for several CAMs in the embryonic development days on which it was analysed . 
DISCUSSION
This experiment involved a quantitative determination of the development of the CAM circulatory system in chicken embryos during the three key points of embryonic development (days 12, 15 and 19 of embryonic development), from the aspect of the development of CAM and its corresponding blood vessels, which is conditioned by the functioning of the endocrine system. CAM is formed between E4 and E5, after which it extends and gradually develops until it completely spreads across the embryo on E12 (Deryugina and Quigly, 2008). In addition, the somatotropic cells were not detected in the chicken embryo hypophysis until the interval between the 10 th and the 12 th incubation day, when they were still underdeveloped (Malamed et al., 1993) , which is significant due to the fact that the growth hormone has a stimulating effect on the angiogenesis (Clapp et al., 2009 ). Scanes (1997 states that a fast proliferation and differentiation of the somatotropic cells in the bird hypophysis occur on the 15 th day of embryonic development (E15). According to Ausprunk et al. (1974) , the CAM circulatory system reaches the maximum of its development on the 18 th day of embryonic development. Morphometric CAM examinations in the paper by De Fouv et al. (1989) proved that CAM rapidly increases its surface from 6cm 2 , which is its surface on the 6 th day of embryonic development, to 65cm 2 on the 14 th day of embryonic development. This intensive surface increase is followed by a high angiogenic response, which corresponds to our results. In other words, the circulation index, i.e. the CAM vascularization indicator, increases with embryonic age. The CAM angiogenesis occurs by means of two mechanisms. During the first part of the incubation, a large number of capillaries split, thus invading the mesenchyme; next, they fuse and form the primary capillary plexus. In the second part of incubation, the splitting is replaced by intussusceptive microvascular growth (IMG), which provides a rich network of capillaries (Makanya et al., 2009 ).
According to Makanya et al. (2016) , the CAM development can be divided into 3 phases based on allometric analyses. The first phase is the period between the 8 th and the 13 th day of embryonic development and it involves a rapid proliferation and growth of CAM. Our first sample for the determination of CAM circulation index was collected during this particular phase, i.e. on the 12 th embryonic day and its amount was 0.1952. Ribatti (2016) believes that the fibroblast growth factor 2 (FGF-2) is very important for the development of CAM blood vessels in this phase and that its increased value can be detected between the 6 th and the 8 th incubation day. The maximum values of this factor can be detected between the 10 th and the 14 th embryonic development day, which also corresponds to the moment of our first CAM sample collection for stereological examination. Baum et al. (2010) state the importance of another factor -the vascular endothelial growth factor A (VEGF-A), in which case we can detect two peaks on the 8-9
th and 11-12 th embryonic development day. The second phase begins on the 13 th day and lasts until the 18th day of embryonic development according to Makanya et al. (2016) . In this phase, the processes of differentiation, growth and expansion of all CAM parts are more intense and on the 18 th day of embryonic development, this phase reaches its peak. The results of our study for the 15 th day of embryonic development correspond to this phase and it can be noted that the circulation index value is higher than on the 12 th day of embryonic development at the level of statistical significance P<0.05. These results are in accordance with the development phases determined by Makanya et al. (2016) . Phase 3 lasts from the 18 th incubation day until hatching. This phase involves the regression and degeneration of CAM. Our circulation index results obtained during the last sampling correspond to this phase of CAM development and the circulation index is higher on the 19 th day of embryonic development when compared to the 12 th day of embryonic development (P<0.01) and to the 15 th day of embryonic development (P<0.05). The possible explanation of these results is that there is no regression and degeneration of CAM blood vessels, as is the case of stromal components of the mesoderm and the chorionic and allantoic epithelium and that the blood vessels are maintained or that angiogenesis is more intense. Another possible explanation would be that angiogenesis reaches its peak on the 18 th day of embryonic development and that it is followed by gradual regression; this could be considered a more possible theory because the embryo gradually prepares for hatching. Namely, just before hatching, at the moment when the embryo breaks the air cell with its beak, the respiratory function of lungs is activated, i.e. CAM loses its gas exchange function (internal pipping). In their study, Makanya et al. (2016) notice a higher level of apoptosis both in chorionic epithelium and in allantoic epithelium on the 18th day of embryonic development. However, they also notice apoptotic cells in CAM mesenchyme. The claim that regression and degeneration of blood vessels occur in this phase could not be confirmed by the results of this study because CAM sampling was not performed on the 18th day of embryonic development.
This study raises the possibility of further research and improvement of the method for the quantification of CAM angiogenesis. In the future, it would be necessary to determine the chicken CAM circulation index for all embryonic development days, as well as to standardize all the conditions in the course of processing the pictures, so that the results of various researches could be compared. In addition, this method could be applied to other bird species in order to conduct comparative research, and it could also become a new method in pharmacological, toxicological, and angiogenic studies.
CONCLUSION
The applied method is a simple, objective, and precise method for the determination of CAM circulation. The efficiency of this method is reflected in the fact that it is suitable for examining a large number of samples because the preparation of CAM and the picture processing are not time-consuming. The results of our study indicate that the progress of embryonic age implies an increase of circulation index, which is also an indicator of angiogenic processes occurring in CAM. In other words, the lowest circulation index value (0.1952) was marked on the first sampling day (E12), while the largest value (0.2666) was marked on the last sampling day (E19). This kind of CAM blood vessel development potential is in accordance with the data found in the reference papers, which confirms the validity of this method even further. In conclusion, this method may be applied in order to examine different incubation factors of CAM angiogenesis, which can be related to postnatal performance.
